Difficult to see. Always in motion is the future.
In each of these sections, I start by looking at common trends in the past and that can serve as reliable general guideposts to the future.
THE EXCITEMENT OF THE DISCIPLINE
I have had the good fortune to be involved in computing for more than the fifty years that SIGCSE has existed. In 1964, I had a volunteer job soldering connections on the backplane of a room-sized analog computer that was being built in the electrical engineering department at my father's university. My first exposure to digital computers began a year later as an assembly-language programmer for the IBM 1401. In high school, the Sputnik-inspired campaign to prepare more students in science and engineering gave me wonderful opportunities. I took the three courses our school offered in electronics and spent most of a summer at a NSF-sponsored summer course that introduced me to the IBM 1620-a machine with a teletype console that one could use as a personal computer, as long as one was willing to stay up into the wee hours of the morning when no one else was using it. Through those experiences, I fell in love with programming and have maintained that devotion ever since.
Starting college in the year the first computer network came into existence, I was fortunate enough to be part of the networking revolution from its infancy. I have had an email address since 1971 when the first email programs appeared. I also worked for several years as a graduate student at Bolt Beranek and Newman, the company that built the ARPANET. My doctoral thesis at Harvard drew on my work at BBN with one of the earliest multiprocessor systems, a field of research that is still important today.
It was undeniably exciting to have the chance to witness first-hand those early days in computing. Even so, I feel confident in making the following claim and prediction.
The computing field has never advanced as quickly as it is moving today. Looking Forward by Looking Back
The Next Fifty Years cation to their ability to succeed in a 21st-century economy and are therefore flocking to computer science courses at an unprecedented rate. I see no evidence to suggest that this heightened interest will subside at any point in the next fifty years. I therefore believe the following prediction is sound.
Computing will continue to grow in importance relative to other fields, particularly as more disciplines become more computational. Students will be attracted to computing in growing numbers for the foreseeable future.
The recent report from the National Academies Committee on the Growth of Computer Science Undergraduate Enrollments [5] supports my prediction in the following findings. The breakthroughs in computing in recent years are staggering beyond anything we could have imagined fifty years ago. In 1957, computing pioneers Herb Simon and Allen Newell predicted "that within ten years a digital computer will be the world's chess champion. " [6] That forecast was overly optimistic. It took forty years for chess algorithms to beat world-champion Garry Kasparov. Five years ago, however, hardly anyone would have predicted that a computer program could win against the world's top Go player any time in the next several decades, but AlphaGo and its deep-learning strategies accomplished that milestone in 2016. The leading edge of technology just moves faster and faster as computers become more central to the modern world.
THE GROWING CENTRALITY OF COMPUTING
Research and development in computer science-no matter whether it is carried out in universities or industry-has a profound impact on the world in which we live. If nothing else, computing has become the main driver of the world economy. In just ten years, the list of the top five industrial corporations has shifted from including no computing companies to being entirely composed of them. Similarly, every survey of employment suggests that computing jobs dominate the employment needs in the science, technology, engineering, and mathematics (STEM) fields and will continue to do so for the foreseeable future. The charts in Figure 2 show the fraction of current employment, projected growth, and projected job openings for five broad categories of STEM fields:
As Steve Lohr reported in a recent New York Times column, there are more than enough graduates to fill existing jobs in most STEM disciplines. "Computing, " he notes, "is the only exception. " [4] In recent years, more and more high-paying jobs require not just computer literacy but significant coding skills. Burning Glass Technologies, a consultancy that analyzes employment data in computing produced the graph in Figure 3 , which shows that, even today, half the jobs in the highest-income quartile require coding skills.
Students today recognize the importance of computing edu- The Next Fifty Years the same pressures that they have in past expansionary times. Consider, for example, the situation facing the PhD-granting institutions covered by the annual Taulbee survey shown in Figure 5 .
Since 2006, the number of undergraduate majors has nearly quadrupled while the number of tenure-line faculty has remained essentially flat. Recent years have shown some growth in teaching-line faculty, but at nothing like the rate student numbers have expanded.
Similar disparities between the number of students and the number of faculty members preceded each of the historical declines in CS degree production. Although the decline in the early 2000s was triggered in part by the dot-com collapse and a media-fueled fear of offshoring that had no basis in reality, there is no similar economic explanation that fits the decline in the early 1980s. Institutions lacked the capacity to serve the growing number of students and were forced, as suggested in Finding 2 from the National Academies report, to take "institutional actions to limit or discourage participation in the major. "
As a longtime observer of this phenomenon who spent the early 1980s chairing a computer science department at a liberal arts college when it was simply impossible to find enough faculty, I believe that the following prediction is likely to characterize the next fifty years of computer science education.
Until the nation can produce a much larger community of computer science educators willing to forgo the economic advantages of industry and universities can support computer science at a level more closely approximating its growing importance, degree production in computer science and related fields will continue to endure boom-andbust cycles that will leave many students without access to this vital body of knowledge.
Fortunately, the future need not repeat the past if we can learn from it. With a concerted effort on the part of universities, industry, and government, it will be possible to avoid the capacity problems of the past and ensure that all students can pursue their interest in our increasingly important field.  in the absence of institutional actions to limit or discourage participation in the major.
FINDING 5:
Computing is pervasive, and its penetration is deep and growing in virtually all sectors of the economy, all academic disciplines, and all aspects of modern life. The broad opportunities in computing, both in the labor market and for enabling a host of intellectual pursuits, will continue to be drivers of increasing enrollments in undergraduate computer science, from both majors and non-majors. While there will probably be fluctuations in the demand for CS courses, demand is likely to continue to grow or remain high over the long term.
THE FUTURE OF COMPUTER SCIENCE EDUCATION
Assuming that student demand for computing education continues to grow, it seems natural to conclude that university programs in computer science will experience a similar rate of growth. Unfortunately, the evidence from history suggests that the expansion of university-level computer science programs is by no means assured. The importance of computing has grown steadily over time, as have the economic advantages that accrue to people with the necessary skills. Degree production, however, has been remarkably episodic, as shown in Figure 4 , which graphs the production of U.S. bachelor's degrees in computer science since 1975.
This graph shows two periods of rapid increase in degree production followed by equally rapid declines. Since 2009, degree production has again followed a rapidly rising trajectory. Any attempt to predict the future of computer science education must surely be able to anticipate what will come next on this graph. Student interest and societal demand will both remain high. Do those observations suggest that we have seen an end to this cyclical pattern? As many economists have written over time, the four most dangerous words in finance are "this time is different. " Computer science programs at universities and colleges face much 
